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(57)* Abstract: 

PROBLEM TO BE SOLVED: To improve reliability of a 
semiconductor device by forming a trench- type element 
isolating insulation film having an extremely thin width. 

SOLUTION: For etching a silicon nitride film 37/underlay 
silicon oxide film 36 to form a pattern of a trench 
mask, rf power is set to a level higher than that for 
the normal anisotropic etching or the flow rate ratio 
(CF4/CHF3) of the etching gas is set to a lower value so 
as to form a tapered pattern, thereby narrowing the 
trimmed pattern. 
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Partial Translation of 
Japanese Patent Laying-Open No. 2001-93970 

(Embodiments) 
First Embodiment 

In the following, a first embodiment of the present invention will 
now be described with reference to the figures. Figs. 1 to 5 show a method 
of manufacturing a semiconductor device in accordance with the first 
embodiment of the present invention, specifically for DRAM. More 
particularly, Fig. 1 shows a cross sectional view of a trench formation step, 
Fig. 2 shows a cross sectional view showing a step of forming an insulating 
film in the trench, Fig. 3 shows a cross sectional view showing a step of 
forming a transistor and a contact hole, Fig. 4 shows a cross sectional view 
showing a storage node, and Fig. 5 shows cross sectional and planar views 
showing a step of forming a storage node. 

First, an underlying silicon oxide film 19 of about 30 nm thick is 
formed on an entire surface of a semiconductor substrate 18 (referred to as 
substrate 18 hereinafter) formed of monocrystal silicon or the like, and a 
silicon nitride film 20 of about 150 nm thick is formed on the entire surface 
of silicon oxide film 19 as an insulating film. Thereafter, an antireflection 
coating 21 of about 80 nm thick, for example, formed of an organic film such 
as AzKrF2 available from Clariant, Japan or DUV 42 available from Brewer 
Science is formed on the entire surface of silicon nitride film 20. 
Photoresist 22 of about 500 nm thick is further formed on the entire surface 
of antireflection coating 21. Photoresist film 22 is patterned by 
photolithography such that pattern 22a is arranged corresponding to a 
region serving as element-isolation region 24 surrounding element active 
region 23 in substrate 18 (Fig. 1 (a)). 

Thereafter, resist pattern 22 is used as a mask to successively 
remove the underlying antireflection coating 21 using for example CF^CVAr 
gas as well as silicon nitride film 20 and underlying silicon oxide film 19 
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thereunder using for example CFJCHF3/O2/A1 gas, by dry-etching. The 
surface of substrate 18 is then exposed and thereafter photoresist film 22 
and antireflection coating 21 is removed by plasma etching using O2 gas (Fig. 
1 (b)). Then, using silicon nitride film 20/underlying silicon oxide film 19 
as being left as a mask, trench 25 of about 300 nm deep is formed in the 
underlying substrate 18 by dry-etching with CI2/O2 gas or Cb/HBr gas or 
Cl 2 /HBr/0 2 gas (Fig. 1 (c)). 

Antireflection coating 2 1 may be formed of a plasma silicon 
oxynitride film (p-SiON) having a thickness of about 50 nm as an inorganic 
film, other than an organic film. In this case, etching of antireflection 
coating 21 using resist pattern 22 as a mask is performed with the same 
etching gas as silicon nitride film 20, and antireflection coating 21 after 
removal of photoresist film 22 is removed at the same time of etching for 
forming trench 25 (see Fig. 1). 
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^> y 3 >gfliK 2 0 /TI!C# i/ U 3 >^bM 1 9 tt, 5 

n vafcK 2 o /# y 5> y 3 >jr/t*8?-s/ y 3 >^fb 

JSl 9SfflV^tfiK 

[0026] $m<DMm2. ifct, zcDftwvmmvB 

JS2*0Klov^8ft^-tS. 06~08tt x d©56TO© 
IOK©«»2CJ:S*»tt»«©i!Ji*iS6. DRAM 

>^fl5BRxe*^-rWfiS0s 0 7 tt h 1/ >f=-rt©l8glK 
^J6KxgS^-#-Bria0> 08l±^^«^©SJi^$ 
^■f»r®0:fc«};tf¥®0-T*fc5. *-J*v »K18±©^: 
HtTftS J' »J 3 >BMbK 3 6^**j3 0 nm©JRffU Jfc 

AU j e©±©^®t«s^tbT©^y3>g^bH3 

7 1 5 0 nm©JKiPT-^fiRbfe^s Kl/'f 
xm3 8fttt5 0 0nm©«UPTf^J*U aigl 8t 
*t)-**^fi5tt««3 9«Htr*7dlftHI4 0 

±§a* hv^m386*huy^77-f ttust'j: ») 

;^-->y-T3 (06 (a) ) „ 
[002 7] ^{c, I/S?^h^*f.— ^.38*vX^fcU' 
TTJfe©^ 'J 3 >fifl3R 3 7 * J: VTjRS 'J 3 >^<b 
IgSe^mtiCF./CHF./O./ArtfT^ffi 
l^Tx CF 1 /CHF,/0,/Ar=l 0/ 

7 0/8 0 0/8 (s c cm) x EEt) ; 7 0 0mT> R 
F/^-; 5 0 0W'CK5'f:c**>^Jtt31t:j:»)l*£ 

i:T%i:©'5;t-7 1 ->'^a=i^8 4R7?feS7 L -M)^K 
©5/ U 3 >|KfbK 3 7 /TJRS'S/ 'J 3 >RftiR 3 6 d>J\ 
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8fr£>#-tf>£fcfc§ajbT, ^y?>y\s-&ifit>m 
USttSftJfltJ;!), ^U3>MMhR3 7/T«Sc£^y 
3>$MbM3 6©ife£/t*->£»<-rS*>©T-fcS 
(06 (b) ) o 

[0 0 2 8] *M/^ bK3 8&0,#*lC«fc 

577Xvx^>ytU;!)iSl^ (06 

( c ) ) \ *>U3>SSMbR3 7/T*S«>U3>»flsR 
3 6©;^->ft77*i:lT, TiffllSl 8*, C 
l./O.tf*, SfeliCl,/HBr^ £fcl£Cl, 
/HBr/O.^tCtS K^-T ^>v^>^«LSt &*) 
ft 3 0 0 nmOi^^ t- M/ >f 4 1 5:ffMt 5 (06 

(d) ) . 

[0 0 2 9] ±§3Hlii6©ffJ<l 1 k.m»Ks b U> 

RtbJR 3 6 £ii&|&Sc m?frfm& 4 0ChV>f 
ffl©*^*lftllR4 2afe«j«*-S (0 7) o 

±IBI6K©»»1 i:H«Kx f ?^Wtl4 2 a 
.fcH**ifc*?«Stt«*3 9rtfcy-h«i2 7, iSSfc 
«2 8ft)g«WtU b^>***£^J?£U 71118*6 

^2 9, 3>**h*-^3o, y^^mm3nm 

Wglftlfcffc XhV-^-K3 4a^Mb (0 

[0030] d©SUfi©?f^T-tt, 0 6 Xm Ufc«t d 

bU>.*v*»fc&S$/y3>afliM3 7/TftS 
^y3>IWbK3 6©^*->*yw*j&ttfcjBj*bfc 
fc», KS^*->£S©1I*«»<&»K R^TJ&SS 
ft*M'>*-4 l©»n«fc*<&S. fipfc* M^>^ 
9©*7ftimittR4-2 a©*g£* b 'J W??4tim 

b&£^*->3 8a©ts#, *bUy^77-fft«® 

fcsasa^© h u >?-m<»m*ftumm 42a s^es, 

^£S*>©7?&5. l/fXbSfc&'l*— >3 8 a©*@tt 

vt^hnm^i=mo. i6umx&itz& age*- 

0 1 1 , J"J3 >ttftM 3 7 /T&g > y n >g* 
flsfflt3 6©JftS^*->£S©||ttW3=l&0. 13// 
mfMt^fe. CftfcJ;!) bV>^4 l©5Bn*g, BP 
*n bl/>^S©*F4MittliR4 2affli^ &*© 
»0. 16//m (W 1 0. 13/im (W3) t 

[0 0 3 1] i©«t5t* : Fd»H«4 0©i6jtt#tt/h 
T-SSfc«K ±K*IK©»*lkR«t, ^?rS£M«< 
3 9tfW£<Mt^ ^M/-y^-N4ai 
8©fc»©:3>** btf-;i/3 0# % J&SBSfcJl^iStt 
tt*3 ?«Kft^lTX3^gm«&ftffll4 2a*tX9 
^■>yt-*£fc*«Be± , C*, 3>^^ b*-;i/3 Ort© 
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7? if MM 3 1 tt&ftjf 2 8 fc+#&ftttia*reStt£ 
ft*. dftfc:<fc>K &IWS2 8©gh§rffl#:i>*£ b* 
-;i/3 OflT-maj-TSdi:^^ &£y-*©2g£i$S 

ik #*fttt©iRi±, 3>^^maa©fls«*«ia*i*. 

££>tc> JfrfiSttfcfllSStt, b^>i^*©7-btl 
*lStt»lt*«*&K), y-b*lW,,#8t&T-£T b5> 

&i> (08#{«O o £fc, M'^YX^t^Si'Un 
>ttfcK3 7/TJR*^U3>iMbK3 6©^*-># 

>^4 1 >> "J 3 >®{b|g|4 2 *««>&trl*, SRC 

[0 0 3 2] £©££©»* 2 T-tt, b V- 

^^fc&S^yn>^blK3 7/Tl(gh>y s^&ftjjR 
3 6 <DW CF./CHF./O./Ar^f 
**J8WC» #X»£S; CF 1 /CHF,/0«/Ar = 
1 0/7 0/8 0 0/8 (sccm) v E*;7 00m 
T N ©|fettTT\ RFW- ; 5 0 OWtT b*^>fai>> 
f^^JilCiDfTofc^ RF/^9-*a^©S*tt 
20 ^^^></B#©2 0 0W^e,^{c±lffci:§©> ^ 
£*lfc;i*->©5 i w^;j3«krm££09fc*-f. 0 
fc^-r<fcd£> RF/W-S±|j'Si:5 i -^^a*s9 0 
&J:!>/b£<&»>* ^©#;i*->^i£#>>:7 b-TSfc 
ife§;i*->JliS&©tiW3 (tt±tf»)^-ffi) fctffijfc 
^i&tgBu M^y*£±«J0. 0 3 
/*m&T«C?-3#ga j &.5fc«K RF^>7-;jfa3 0 0 
W~ift7 0 OWff-y^o ; 8 8ft~8 0*©/^- 
>J£Jffi&fT5©tfa&L^. dftfc «fc >3 b V >f"M©^ 
?#ltlfiHR4 2 8©!^ t£*©#)0. 1 6/zm (W 
30 1) frhmO. 1 1~*?I0. 1 5//m (W3) K*g/h£ 
J*FiStt««4 l>& I i£<jit«-CgS«(«3&sff 

[0 0 3 3] mmvmm 3 . ±i3H«6©^si 2 t*bw b 

1/ >^ ^ 1 3fc s i, y d >miK 3 7 /T£fc£ 
>^(bM3 Qon?-yWM*. CF./CHF./O, 
/Ar^Sfflw, RFMy-^am©M7Ertt^>y^ 

%±\fZZ£&X'%2> 0 CF./CHF./O./Ar^ 
40 ^Sffl^t, ff* ; 7 0 OmT, RFny- ; 2 0 0W 
©Ife^TTN tf^iftSlfcCF./CHF.&fim©!!^ 
^>y5 L >^B§©7 0/1 0A»e.^tTlffci:g©> 
fiK^tlfc/^->©^-/^*5«t^ffi^01 01C^ 

to 

[0 0 3 4] 0£7jrTJ;5£, ^^*JtCF,/CH 
F.ZTifZtT-rtftaVd 0jg«fc»)/J\;S<&!), ^ 

©♦IW3 (t±±w\)^m (ite^sn^o ±aufcw 

t> >t5V**±|&0. 0 S^mWT©^-^]** 1 ^ 
50 X'&Ztztb, ^MftlbCF./CHF, ;iKj5~i^2g 
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4 2a« ft;fc©*SjO. 16/im (Wl) *^ 
0. 1 1~&0. 1 5um (W3) izm^n, 

[0 0 3 5] ±B3&«©JBJilfc.kS#iST** T 

m^m.m±m2 ift««bT*buy^ni2 2©/v 

*-=>^fefrK ±IB£IS©JfcJB2*fctt3. 
fc«fc3#i£T% M/>*-v**fc&«5/U3>»bil3. 
7/T**S/»j3>»ftil3 6*y-/tJBttC^^-=- 
>^LTfc&<, hU>^S©£?#*tilft&JBI4 2aCD 

«*^a»flEtta<-*6fc«wiiKbTf**. 

[0 0 3 6] ±E*M©^JBl-'3fcJ;*M/> 
^ScDS^KitegJK2 6 a, 4 2 a<?j&fc&Sfck H 
«i©JKIBrtT?*bfe *-5fcx 2 3,39 

<0»iH«BK:ttWI 2 83WBl«*ns»^fc< b 
3 0 ffiJj&l§©f!t?*S£«JI^ 2 3, 3 9 ©Nftft b 
#WlhT?ST«fc^Sfi-efc»)» £*UIE<0«V\DRAM& 

BftifCjSffl-r*k»*i>9if*4^ otitis* *>©t? 

[0 0 3 7] 

[»H©3MR] tt±©«fc5fc;:©»iflCfRSIit#HlK 
©xgi:, KSMiFJtM±®^Ht:i/^Mt«jKi« 

S^2©xgi:, iu^h;^->^^i:bt± 

^^*^i^±«B*»»a«aiis**tti-r 3 © 
«««©±K*»(«s«t: N mn&x- * c * a n? 

±12 h w v^fcJB 2 ©««R*a«)jaU/Tf h v y^-m<D 
mttwmmzBmtzm 5 ©ig*: 

[0 0 3 8] *fcc:©»IBfc«fi5»*H2fa«©*9» 
«H©»3i#iStiu #*fMMK±©±H£llftRtX»* 
1 ©xfii:, ^«6^m±©±iSt 1/ hJR£I? 

#^«fc*tfcbTft*/**->;Wfa£ftS.*$±K 
U 5>* Mgfe * h U V 7 4 &ffi <t D ^ * > ^ 

»^->^7X^ h UT±«ai5 : F*«««©±K 



tcSB 2 ©i^^^a«)^t- h 1/ >^©f^#8f «i 

p^ffMt-*^5©xgt^^tsfc4f), hu>^-mo 

[0 0 3 9] £fc£©SgWfc&5ii!#«3B«©*S# 
gg©8?jg#i£ii', »*Hl8a«©l!H©xg*j:V» 
10 2©Xg£*Tt\ ^T8!#]B2ga«©SS3©xg, 
4©XSiJ<t^5©xg^ff ^fcto, M^>^S©^ 
?#*&&j£©|g£^ffi*ffittJl < $ 6> fcflWflrc 
¥*<**«©<3*H£#--Jira±*- * o 

[0 0 4 0] *fe^©^t^S»^«4|3©©^^ 
KBCJRS^iSttH gS^«2^fctt3tfcOT> Sfil© 

©x;gT-©±i3«fi^©M*tt^ y v t «t 

#J8 0Jg~#j8 8St**<t^tfrdfc«)v ftiflffllfSlK 

20 T-twiAkvw-ywtm&fiTLZo 

[0041] &tcz<DftBmz&zmxm5im<D¥m& 
mmommumt. m^.m4iz^x, §3ffliit-x 

^>^Krh77PD^^> (CF,) ;fe«fctfb 
U7DD^^> (CHFi ) RFA7-;^3 

o ow~*5)7 o o\nzxmmm(Dm?i&^y?->y*n 

Itx.*. 

[0 0 4 2] afe-©^t«SIS^6g3«8©^^ 
^g©S?i§*^(i. M*«4(;43V^T, f 3®Xgfx 
30 ^>^tTf77DD^i'> (CF,) £«fctfb 
U7PD^^> (CHFj ) ^SS»lt (CF, 

/chfi) ; 2~bum\~xm®m<Dm-t>v£x-v3-> 
mown*.*. 

[0043] ztcz.<D&wiz&zm&m7t&WL<D*m. 
gtmommum*. m&m i ~ 6 ©v^•rt^^^c43^^T, 

^2©xat*©l/^^ bK©/^>-=>^«ffc*^« 

^t*r<sbt^^ti.5jfe§/^->©ti*s, T^hu 

40 ittnfHR©iB&x *>•; w^yj&ffixnjmttm'hm 
&z^&*n*m*mzximffl®fc&mmx-Bf8x-% 

[ o o 4 4 ] * tz zv&mt&zm&m s t3«©^»» 
&UG>mm%mt> ls^Ial~7©v^T^^^^:^v^T, 

mmmiz m * n s tsiSfR^ w^i2gp©*»(*«*g tc 

«6^ISK±83UfetWgi:±Ji#Sjifc©gE^©fc©©p > 

50 ^©♦s : &s»*ai(bT-§s ftmsm#&vm?(D&mf3® 
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[oo45]£fc;i©?eiB£&s m&m 9 tm<D*m& 

3£B©S?J§#i£l±, »#®8fc:felvt N lit 

mi] z-commmfammuzzzDRAMoY 
[S2] z.<Dm%<Dmmv>wMi sdram© h 

[03] -©^©^©^ltiSDRAMWh 

[04] ^©^^©Hii§©^l t^SDRAM©^ 
[05] d©38flJ3©|£ite©JK<Sl CJ:5DRAM©7 

[06] ^©^©^iS©^2H«};SDRAM©h 
U >^JBfiKxe&?N-r »riS0T-fc ?> . 

[07] £©280J!©^;ii©ij<S2{;:«fc£DRAM©h 
V >^rt©i^J^BJ«xg^^-riSf@0T-ife So 

[08] £©2BB£©^©^§2fc:«fc£DRAM©Ml 
^(8«©S!jg*ffi^^t-»f®0*) J;lf¥®0t:* 5. 

[09] Cl©^©SUE©B«2{c<t5 M/>^v* 
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^©yt^->^ji^^>^^i:©g|^^ui^ S 0 T . 

[010] 3©^B^©^js©jKfli3t«ts vvy^ 

[011] D R AM© hi/ : 

[01 2] t^*©DRAM©M^>^rt©$6^ff^ 
xa^^t-®rBS0T-fe5. 
10 [013] ^*©DRAM©b7>^X^*.tVr3> 
h*-;UMJ5£xg£g^nefB0T-$>So 
[014] «©DRAM©^bV-i;;-KffMl 

[015] «©DRAM©^ YV~*JJ-YMf$ZL 

18 ^##3^ 2 0 «ft«|||tUT©i'U3>gfb < 
2 1 SMmUM. 2 2 *M/^hR, 22a. 
l/S^MfcS't*-^ 2 3 *?JStt«ft, 2 4 
20 2 5 M/ 2 6a M/ 

^tttfittffix 2 8 tefUl, 2 9 «ffl«gig^ 3 0 
;k 34a * M/— S^y — b\ 3 7 ) 
IBIMItfcbTCD^ynvaMbJR, 3 8 *M/i>*+; 
JR. 3 8a US^bSiS^-X 3 9 &?TSt4fi 
4 0 « : P£«iBt& 4 1 hU>3\ 4 2a b 
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